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CHAPTER I 
PRELIMINARY INVESTIGATION INTO THE 
OPTIMAL RATIO OF CAGED CHANNEL 
CATFISH AND TILAPIA 
IN SMALL PONDS 
Introduction 
Culture of fish potentially offers the farm pond owner in 
Oklahoma an added source of income. The extent of this opportunity is 
seen by the fact that Oklahoma was one of only three states which had 
over 150,000 ponds constructed by the Soil Conservation Service (Modde 
1980). These ponds currently support generally poor sport fisheries 
which are difficult to manage (Snow 1975; Bennett 1971). Traditional 
open water pond culture is not generally applicable to Oklahoma ponds 
because they can not be drained and are too deep or do not have the 
smoothly contoured sides and bottom necessary for efficient seine har-
vest (Toetz 1978). Therefore, cage fish culture appears to provide an 
opportunity to realize additional income but avoid the problems of 
open water culture. 
The applicability of cage culture to Oklahoma farmers is evident 
upon review of its advantages (Schmittou 1970; Collins 1978): 
1) Fish can be cultured in many types of water bodies, including 
farm ponds, as long as an adequate oxygen supply and toxic 
waste buffering capacity are maintained. 
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2) Fish can be intensively cultured where otherwise a lower level 
of open water culture would have to be practiced due to ineff-
icient harvest. 
3) Cage culture can complement other culture or management prac-
tices, such as a sport fishery, fee fishery, or bait culture 
operation in some water bodies. 
4) The health of caged fish is easily observed, and the fish 
culturist has the opportunity to take early action against 
health related problems. 
5) Treatment of disease and parasite problems is easier and less 
expensive in cages than in open water culture. 
6) Fish can be easily and completely harvested by cage removal. 
The cage may also be partially harvested as faster growing in-
dividuals reach marketable size or as market demand increases. 
7) A relatively low investment is required if an existing body of 
water is used. 
However, the potential culturist must also be aware of the disad-
vantages of cage culture (Schmittou 1970; Collins 1978): 
1) Cage construction cost may be high because durable and rust 
resistant materials are expensive. 
2) A nutritionally complete floating feed is required since the 
caged fish can not forage for natural food items. 
3) Aeration equipment may be necessary since caged fish are more 
vulnerable to low dissolved oxygen, high carbon dioxide, and 
high ammonia levels than are uncaged fish. For example, New-
ton (1980) stated, 
The major disadvantage of confining fish to cages 
continues to be the periodic occurrence of low levels of 
dissolved oxygen. Catfish in cages will succumb to low 
oxygen more readily than fish which are free in a pond. 
This statement is as true in 1980 as it was 10 years ago 
and remains the major obstacle to cage culture (p. 32). 
4) Vandalism to fish and cages may occur if precautions are not 
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taken. For example, a cage culture facility in southern Okla-
homa was recently completely destroyed by vandals (Rudolph 
McGeehee, pers. communication). 
5) Parasites and bacterial diseases are transmitted quickly among 
caged fish. 
After consideration of these advantages and disadvantages, Collins 
(1978) concluded that $823/ha could be earned from a channel catfish 
(Ictalurus punctatus) cage culture operation in southeastern Oklahoma. 
This estimate may be conservative because of Collins's concern about 
exceeding a carrying capacity of 1680 kg/ha in any impoundment not 
receiving inflow of water or supplemental aeration. As the result of 
these recommendations Collins (1978) also recommended that only bodies 
of water greater than 2 surface ha be used if more than 1235 fish per 
surface ha were to be raised in cages. In ponds less than 2 ha, Col-
lins's recomendation of a maximum of 1235 caged fish per ha would limit 
production to approximately 550 kg/ha/year. However, Schmittou (1970) 
produced up to 1728 kg/ha of channel catfish in a 0.5 ha pond and 
Lovell (1972) harvested 1626 kg/ha in a 2.0 ha pond. It is therefore 
reasonable to suggest that production of 1680 kg/ha in ponds less than 
2 ha is feasible if precautions are taken to alleviate potential oxygen 
related problems. 
The possibility of high fish mortality in small ponds can be re-
duced by suspending feeding under low oxygen levels or substituting a 
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species which i~; tolerant of low water quality such as the cichlid 
Tilapia aurea (tilapia) for more commonly used species such as channel 
catfish. Although tilapia readily consume prepared feeds, their nat-
ural planktivorous feeding habits may allow them to provide additional 
production. For example, Armbrester (1972) reported that caged tila-
pia stocked at 500/m3 produced up to 44.8 kg/m3 in 10 weeks in fertil-
ized ponds with no supplemental feeding. 
A major disadvantage to pond culture of tilapia is excessive re-
production. In open pond systems the large number of young results in 
stunted populations with a low percentage of harvestable fish. For 
example, Bowman (1977) reported a harvestable yield of only 25.6 per-
cent in unfertilized ponds. Cage culture provides one solution of this 
problem because reproductive products are lost through the cage mesh 
and do not remain viable (Pagon-Font 1975). 
The other major advantage of herbivorous fish culture is increased 
flesh per area of water. Bowman (1977) reported net yields of tilapia 
up to 3015 kg/ha in open pond culture and similar values should be 
possible with cage culture. There is, however, little published infor-
mation on the feasibility of canmercial cage production of tilapia. 
The major limitation of herbivorous fish culture in the United States 
appears to be consumer acceptance. Therefore it seems more reasonable 
to combine the culture of the hardy herbivorous fish with that of one 
more traditionally used for food and to reduce densities to minimize 
unwanted mortality. 
The purpose of this study is to generate base-line data which 
might suggest optimal channel catfish-tilapia stocking ratios. 
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Methods and Materials 
I. Description of Study Sites: The optimum stocking ratio of channel 
catfish and tilapia was investigated in 0.1-ha and 0.4-ha ponds 
managed by the Oklahoma Cooperative Fisheries Research Unit. 
These ponds are located on Oklahoma State University property be-
low Lake Carl Blackwell, 12 km West of Stillwater, Oklahoma. 
II. Experimental procedures: Fish were stocked in floating 1-m3 
cylindrical, plastic mesh cages. The cages were placed in the 
deepest area of the pond (1.3 min the 0.1-ha ponds and 1.8 min 
the 0.4-ha ponds). 
Temperature and dissolved oxygen in the ponds were measured week-
ly at approximately 0930 with a Yellow Springs Instrument Company oxy-
gen and temperature probe. 
All fish were fed a complete 32 percent protein, floating, pellet-
ed (1-cm diameter) ration. Initially fish were fed at 3 percent of 
body weight per day but subsequently they were fed ad libitum once per 
day for 10 minutes. The change in feeding schedule was necessitated by 
the slowdown in feeding following sampling and weighing fish. (Appen-
dix D, Feeding Rationale). 
The optimal stocking ratio of channel catfish and tilapia was 
examined by stocking a total of 450 fish per cage in the following pro-
portions: 
Catfish to Tilapia Ratio Number of Catfish Number of Tilapia 
4: 1 360 90 
3. 5: 1 350 100 
3: 1 338 112 
2. 5: 1 321 129 
2: 1 300 150 
1. 5: 1 270 180 
1 : 1 225 225 
1: 2 150 300 
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Each cage was replicated once for a total of 16 cages. Three cages 
were placed in each of four 0.4-ha ponds and one cage in each of four 
0.1-ha ponds. Cages were distributed among the ponds to minimize diff-
erences of expected total weight of fish per ha between ponds. 
Cages were initially stocked with channel catfish fingerlings 
(mean weight 13.3 g) on May 6-8 but mortality (from a blue-green algal 
bloom) and equipment failure (a tear in a cage) necessitated restocking 
of 3 cages on May 28-29 with 19.6 g fingerlings. 
Tilapia obtained from Horseshoe Lake, Harrah, Oklahoma, were 
stocked in cages from May 9 to June 10; extensive mortality necessitated 
an extended stocking period. Mean weight of tilapia on June 10 ranged 
from 120.0 to 199.3 g. Harvest dates ranged from August 18-29. At 
harvest 30 channel catfish from each cage were individually weighed to 
the nearest gram. The remaining fish were batch weighed. Due to 
heavy mortality of fish, linear regression was used to analyze the data 
for trends. 
Results 
Linear Regression Correlations 
The final ratios of channel catfish and tilapia and total numbers 
of fish per cage were not identical to the initial ratios and numbers 
stocked. These differences were principally due to initial heavy mor-
tality of tilapia (Table 1). The tilapia were in poor condition when 
obtained; average condition factor (K factor) was 1.78 at stocking and 
1.96 at harvest. 
There was no significant correlation between the ratio of channel 
catfish to tilapia and total net production (r = -0.390) (P = 0.168) 
Table 1. Production data from the channel catfish - tilapia ratio cages. (1980). 
No. of No. of Total Amount Net prod. Net. Prod. Net. Prod. 
Cage catfish tilapia number Ratio feed (kg) catfish (kg) tilapia (kg) total (kg) 
IN JJ6 31 367 10.8: 1 50. 147 35.957 1. 343 37.306 
IM 290 80 370 3. 6: 1 39.285 30. 396 0.440 30.836 
IS 150 98 248 1 . 6: 1 34.290 15.257 10.J22 25.579 
2N 256 109 Jn5 2. 3: 1 64. 170 4].918 8. n91 52.609 
2M 261 147 408 1 . 8: 1 64.930 36.137 9.275 45.412 
2S 189 128 317 1 . 5: 1 51.302 32.411 2.97J 35.384 
JN J25 87 412 3. 7: 1 70.705 34.929 12.774 47.705 
JM J12 115 427 2. 7: 1 81. 527 29.884 7.628 37.512 
JS 147 272 419 0. 5: 1 87.537 16. 129 31. 367 47.496 
4N 297 104 401 2. 9: 1 70.683 31. 622 9.655 41. 277 
4M 276 150 426 1 . 8: 1 71. 130 25.651 12.171 37.822 
4S 209 211 420 1 : 1 80.076 20.206 22. 417 42.623 
6 360 73 433 4.9:1 43.743 29.487 2.267 31. 754 
7 350 37 J87 9. 5: 1 47 .068 30.061 5.35J 35.414 
9 332 78 410 4. J: 1 56.778 29.249 J. 140 J2.J89 
-:) 
Table 1. Continued. 
(%-) - --· -- ------· --- - ·- ------- ·- --- ------ -------·· - - - -----(%I 
Mean wt. ( g) Survival Mean wt. (g) survival 
Cage F.C.E.* per catfish catfish per tilapia tilapia 
1N 1. J4 120.J 99.4 166.0 27.7 
1M 1.27 118. 1 96.7 129.8 5J.3 
13 1. J4 12J.O 92.7 198.4 32.7 
2N 1.22 184.8 79.8 227.1 84.5 
2M 1. 4J 151. 7 96.7 218.0 81. 7 
2S 1. 45 184.7 84.0 161. 6 56.9 
JN 1. 48 120.7 96.2 249 .o 77. 7 
JM 2.17 109.6 97.2 192.8 89.2 
JS 1.84 12J.O 98.0 2J3.4 90.7 
4N 1. 71 119.7 99.0 193.5 69. 3 
4M 1.88 106.2 100.0 221. 9 83.3 
4S 1 .88 109.9 92.9 241.6 9J.8 
6 1.38 95.2 100.0 216.5 81. 1 
7 1.33 99. 1 100.0 J17 .2 J7. 1 
9 1 . 75 101. J 94.9 176.6 78.0 
*F.C.E. = Feed Conversion Efficiency. 
co 
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and graphic analysis did not reveal an optimwn stocking ratio. There 
was also no significant correlation between the ratio of the two spe-
cies and individual production of either (r = -0.348) (P = 0.223) chan-
nel catfish or (r = 0.029) (P = 0.922) tilapia. In addition there was 
no significant correlation between the ratio of the two species and the 
feed conversion efficiency (r = -0.448) (P = 0.108). However, the 
value does strongly indicate a trend toward superior feed conversion 
efficiencies as the ratio of channel catfish to tilapia is increased. 
Fish in cages with extremely high ratios of channel catfish to tilapia 
(10.8:1 and 9.5:1) exhibited good feed conversions (1.34 and 1.33) 
whereas those with low ratios of channel catfish to tilapia (0.5:1 and 
1:1) exhibited poorer but still acceptable feed conversion efficiencies 
(Table 1). 
The total number of fish per cage appeared to have a greater eff-
ect on net production and production per individual channel catfish 
than any other variable. Although the relationship was not significant 
(r = 0.094) (P = 0.749) (Figure 1), the inverse relationship between 
total number of fish per cage and individual channel catfish produc-
tion was significant (r = 0.709, P = 0.005). This trend seems to in-
dicate that individual production decreased as the total number of fish 
per cage increased (Figure 2). The total net production of channel 
catfish also tended to decrease as the total number of fish increased 
(Figure 3). This trend was statistically significant at (P = 0.086) 
(r = -0.475). In contrast, the total number of fish per cage was not 
significantly correlated with either individual or net tilapia produc-
tion (r = 0.348) (P = 0.223) and (r = 0.586, P. = 0.028) (Figure 4). 
In addition the positive correlation (Figure 5) between the number of 
Figure 1. Relationship between total net production and the 
total number of fish/cage. 
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Figure 4. Correlation between feed conversion ratio and the total 
number of fish/cage. 
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tilapia per cage and feed conversion efficiency was significant 
(r = 0.533, P = 0.050), whereas the correlation coefficient for channel 
catfish (r = 0.2L15), but not significant (P = 0.399). 
The number of catfish per cage was inversely correlated with the 
production of individual channel catfish (r = -0.525, P = 0.054), (Fig-
ure 6). The two abnormally low points on the figure (circled) repre-
sent two cages (JS and 4S) which contained the largest number of tila-
pia (Figure 6). There was not a significant correlation (r = 0.159, 
P = 0.587) between the number of tilapia per cage and the production 
per individual channel catfish, nor between the number of tilapia per 
cage and production per individual tilapia (r = 0.227, P = 0.435). 
The average dissolved oxygen level was not related to total net 
production (r = 0.068, P = 0.817) even though dissolved oxygen reached 
critically low levels in some ponds near the end of the experiment. 
Dissolved oxygen was not correlated with feed conversion efficiencies 
(r = -0.289) (P = 0.316). However, feed conversion efficiency did 
tend to increase with decreasing dissolved oxygen levels. 
Water Temperature 
Water temperatures in the 0.4-ha ponds gradually rose from a low 
of 21.3 Con May 19 (Figure 7) to a high of 31.5 Con June 30. Morn-
ing temperatures of 30 C or greater were recorded from June 30 to July 
28. Afternoon temperatures during this period reached 36 C 15 cm below 
the surface of the water. Consequently, feeding activity was severely 
reduced until water temperatures moderated. In August water tempera-
ture fluctuated between 26.1 C and 28.9 C {Tables 2 and 3) followed in 
September by abrupt cooling from 27.3 C in pond 2 on September 8, to 
Figure 6. Correlation between production/catfish and the 
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Table 2. Mean monthly temperatures for four 0.4-ha experimental ponds. 
Mean Std. 
Pond no. Month temperature c deviation Range 
May 24.4 2.5 21.7-26.6 
June 28. 1 1 . 3 26.9-30.2 
July 29.7 0.8 28.8-30.5 
August 27.4 0.8 26.7-28.0 
September 24.0 3.6 18.1-27 .1 
October 17 .6 0.7 17.1-18.1 
2 May 24.2 2.7 21. 5-26. 9 
June 28.3 1.6 27.4-31.2 
July 30.2 0.9 29.0-31.0 
August 27.6 0.8 26.8-28.4 
September 25.4 2.0 22.5-27.3 
October 
3 May 24.6 2.6 21. 7-26. 7 
June 28.7 1 . 6 27.6-31.5 
July 30.2 1. 5 28.0-31.2 
August 27.7 0.9 27.0-28.9 
September 23.6 3.6 17 .8-26.2 
October 15.9 1.0 15.2-16.6 
4 May 24. 1 2.7 21.4-26.8 
June 27.9 1.0 27.1-29.6 
July 29.0 1.0 27.7-29.9 
August 27.0 0.7 26.6-28.0 
September 23.0 3.3 17.9-25.6 
October 16.8 0.7 16. 3-17. 3 
26 
Table 3. Mean monthly temperatures for three, 0.1-ha experimental 
ponds. 
Mean Std. 
Pond no. Month temperature c deviation Range 
6 May 26. 1 0. 1 26.0-26.2 
June 28.2 1. 7 27.0-30.9 
July 30.3 0.9 29.3-31.0 
August 27. 1 0.9 26. 1-28. 0 
September 23.0 3.7 17.9-26.2 
October 16.4 0.8 15.8-17 .0 
7 May 26. 1 0. 1 26.0-26.2 
June 28.2 1 . 9 26.8-31.2 
July 30.3 0.9 29.1-31.2 
August 27. 1 0.8 26.1-27 .9 
September 22.9 3.7 17. 1-26. 2 
October 16. 1 0.8 15.5-16.7 
9 May 24.9 2.5 22.2-27.1 
June 28.0 1.4 26.6-30.3 
July 29.3 0.8 28.4-30.0 
August 26.7 0.6 26.1-27.3 
September 22.8 3.5 17 .2-26.0 
October 16.6 1. 7 15.4-17.8 
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17.7 Con September 29. Water temperatures in the 0.1-ha ponds followed 
approximately the same pattern (Figure 8). 
Mean water temperature throughout the growing season was similar in 
all ponds except pond 2. Mean temperature in pond 2 was approximately 
2 C warmer than that in the other ponds (Table 4). 
Dissolved Oxygen 
Although mean dissolved oxygen concentration in the ponds over 
the entire growing season ranged from 4.70 mg/1 to 7.12 mg/1 (Table 5), 
there were periods, especially in August, when dissolved oxygen levels 
in some ponds dropped as low as 0.2 mg/1 (Tables 6 and 7). Dissolved 
oxygen concentration in three of the 0.4-ha ponds (ponds 1, 2, and 3) 
was highest in May at 10.9 mg/1 (Figure 9) and declined over the summer 
until a low point was reached in late August. By September the decline 
had ended and the trend was toward increasing dissolved oxygen values 
for the rest of the season. Pond 4 was consistently 1-2 mg/1 lower in 
dissolved oxygen than were ponds 1, 2, and 3. However, pond 4 also 
followed a pattern of decreasing dissolved oxygen values until late 
August. On September 1 and thereafter the trend was toward increasing 
dissolved oxygen concentrations in the water until the end of the 
season. The low dissolved oxygen period in pond 4 from August 18 to 
September 1 resulted in heavy mortality of channel catfish. Dissolved 
oxygen levels in this pond remained near or below 3 mg/1 from August 
4 until October 6. 
Dissolved oxygen levels in the 0.1-ha ponds follow the same 
pattern as that described for the 0.4-ha ponds. However, dissolved 
oxygen concentration remained somewhat higher until July 21 (Figure 10). 
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Table 4. Mean water temperature during the 1980 growing season. 
(c ) Std. 
Pond Temperature deviation Range 
25.2 4.3 17. 1-30. 5 
2 27. 1 2.4 21.5-31.2 
3 25. 1 5.2 15.2-31.2 
4 24.6 4.5 16.3-29.0 
6 25.2 4.9 15.8-31.0 
7 25. 1 5.0 15. 5-31 .2 
9 24.7 4.6 15.4-30.3 






















2.52 2. 63-10. 66 
3. 10 0. 20-10. 30 





Table 6. Mean monthly dissolved oxygen concentrations for four, 0. Lf-ha 
experimental ponds. 
Mean (mg/1) Std. 
Pond no. Month dissolved oxygen deviation Range 
May 9.49 1.23 8.65-10.90 
June 8.75 0.54 8.27-9.60 
July 7.25 0.53 6.50-7.76 
August 5.52 0.97 4.23-6.57 
September 4.51 1 .20 2.50-5.60 
October 7.20 0.00 7.20-7.20 
2 May 7.06 0.22 6.86-7.30 
June 7.98 0.70 7.60-9.23 
July 6.66 0.88 6.03-7.90 
Augmt L+. 13 0.65 3.30-4.73 
September 4.48 0.64 3.90-5.33 
October 
3 May 9.82 0.79 9.10-10.66 
June 8.23 1.00 7 .13-9.27 
July 7.84 0.53 7. 13-8. 40 
August 4. 18 1 .06 2.63-5.03 
September 4.68 1.87 3.60-6.70 
October 3.79 0 .69 3.30-4.27 
4 May 10.07 0.32 9.70-10.30 
June 5.37 1.05 4.06-6.50 
July 4. 11 1. 61 2.20-5.73 
August 1.46 1. 19 0.43-2.90 
September 1.96 1 .34 0.20-3.40 
October 5.24 0.23 5.07-5.40 
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Table 7. Mean monthly dissolved oxygen concentrations for three, 
O. 1-ha experimental ponds. 
Mean (mg/1) Std. 
Pond no. Month dissolved oxygen deviation Range 
6 May 8.20 2.40 6.50-9.90 
June 7.38 2.51 3.90-10.50 
July 7. 12 2.05 4.83-8.80 
August 3.91 1 .80 2.00-6.33 
September 2.75 1. 39 1.63-4.77 
October 5.90 0.89 5.27-6.53 
7 May 7.79 1.86 6. 47-9. 10 
June 7. 15 1. 74 5.10-9.67 
July 7.24 2.32 4.47-9.63 
August 3.32 2.22 1.43-6.37 
September 3. 77 1.28 2.70-5.90 
October 5.97 0.23 5.80-6.13 
9 May 7.92 0.81 7.00-8.50 
June 7.68 1. 95 5.40-10.13 
July 5.68 0.28 5.27-5.87 
August 2.74 1. 27 1.57-4.43 
September 2.09 0.74 1.27-3.23 
October 4.47 0.28 4.27-4.67 
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Figure 10. 1980 dissolved oxygen values for three 0.1-ha experi-
mental ponds. 
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At this time the dissolved oxygen level began to decline until August 
18, and from that date until September 23 it remained near or above 
3 mg/1. 
Discussion 
No significant correlations were found among the treatments. 
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However, unusual climatic conditions in the summer of 1980 precluded 
rigorous analysis. During this period both air temperatures and con-
sequently water temperatures were much above normal for an extended 
period of time. Air temperatures near or above 38 C were common from 
mid-June until mid-August, while mean morning water temperatures (Fig-
ures 7 and 8) of 30 C or greater (an average value derived from surface, 
0.5-m and 1.0-m readings) were recorded from June 30 until July 28. 
Afternoon surface temperatures reached 36 C. These temperatures greatly 
reduced the amount of feed consumed by the channel catfish (Neff and 
Barrett 1975) and to a lesser extent the tilapia (Gleastine 1974). 
Allen and Strawn (1968) found that channel catfish acclimated at 30 C 
had an incipient upper-lethal temperature of 37.3 C. The incipient 
lethal temperature was very near the temperatures experienced in the 
ponds over the four-week mid-summer period. Also the higher tempera-
tures may indirectly cause mortality over a still longer period of time 
by increasing the rate of metabolism beyond the fish's abilities to 
consume food. This situation is known to occur in channel catfish at 
temperatures above approximately 36 C (Allen and Strawn 1968). For-
tunately, thermal stratification resulted in as much as 2.5 C lower 
temperatures in the bottom of the cage. This stratification alleviated 
heat stress at times and probably prevented high mortality among 
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channel catfish. 
Aquatic vegetation was another factor that influenced the results 
of cage culture in 1980. Vegetation in the experimental ponds filled 
the entire water column throughout the growing season. These aquatic 
macrophytes buffered wind and wave action (Rottman 1977) which would 
mix the water, increase dissolved oxygen and dilute accumulated wastes. 
However, the heavy growth of submersed vegetation also allowed tempera-
ture and dissolved oxygen stratification to persist throughout much of 
the growing season. Persistent stratification further reduced mixing 
of the water. An electric trolling motor was employed to break the 
stratification. However, mixing occurred for short periods but never 
lasted more than a few hours after the motor was turned off. At times 
dissolved oxygen stratification in pond 4 resulted in 0.1 mg/1 oxygen 
concentration at depths below 0.5 m, while surface values were 5.7 mg/1. 
This oxygen differential proved important because channel catfish, a 
naturally bottom dwelling species, often remained at the bottom of the 
cage even though dissolved oxygen was considerably higher near the sur-
face. Water quality problems resulted in mean weights of channel cat-
fish approximately 200-250 g less than those attained the following 
year in the same ponds at similar densities. 
Tilapia were initially stocked at weights ranging from 120-199 g 
and showed net gains of 6 g (cage 1M) to 150 g (cage 7) per tilapia 
(Table 1). In 1981 net gains were 264 g per tilapia. The poor weight 
gains exhibited by tilapia were caused not only by environmental stress 
but also by the poor condition of the fish when stocked. K factor for 
1980 was 1.76 as compared with 2.76 the following year for fish of sim-
ilar length. 
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Percent mortality of both species was initially high at stocking 
but continued at a reduced rate the entire growing season. High mor-
tality changed channel catfish-tilapia ratios and total fish densities 
to the extent that replicates were no longer comparable, thus results 
from the cages were analyzed using linear regression to determine the 
presence of significant trends. 
A significant inverse relationship (P = 0.005) was found to exist 
between the total number of fish per cage and individual channel cat-
fish production. Individual channel catfish production decreased as 
the total number of fish per cage increased. These results are similar 
to the results obtained by Pennington and Strawn (1978) (Figure 2). 
However, contrary to the results of these authors, total net production 
of channel catfish tended to decrease as total numbers of fish increas-
ed (Figure 3). This decrease was statistically significant (P = 0.086), 
and may be due to competitive feeding inhibition of the smaller chan-
nel catfish by the tilapia in the case of cages containing high propor-
tions of tilapia. This possibility has been suggested by Dunseth and 
Smitherman (1977) who pointed out the need to stock the two species at 
comparable sizes. Another possibility is that low dissolved oxygen 
exerted a greater negative influence in the higher density cages. Low 
dissolved oxygen coupled with increased respiration by the fish or 
greater concentrations of waste products such as ammonia (NH3-N, NH4+) 
could limit production (Robinette 1976). A combination of these fac-
tors is the most probable explanation of decreased net production of 
channel catfish. This conclusion is supported by the findings of An-
drews et al. (1971) who showed that water quality and not density of 
fish was the major growth limiting factor for channel catfish. 
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In contrast to the relationship between numbers and production of 
channel catfish, there was no correlation between individual or total 
net tilapia production and numbers of fish per cage. This reversal of 
the previous data seems reasonable as tilapia are more tolerant of ad-
verse water quality conditions (Stickney and Hesby 1978) than are the 
channel catfish. Tilapia production appeared to be more closely relat-
ed to the health and physical condition of the fish at stocking than to 
any other factor. .. 
A significant positive correlation (P = 0.028) was found between 
total number of fish and feed conversion efficiency (Figure 4). This 
result could have been caused by increasing numbers of tilapia at the 
higher densities. The tilapia, because of size and physical condition, 
were thought to have higher feed conversion efficiencies than the chan-
nel catfish and therefore larger ratios of tilapia to channel catfish 
would tend to increase the feed conversion efficiency for the cage. 
This relationship is further evidenced by the high positive correlation 
(P = 0.050) between the number of tilapia per cage and the feed conver-
sion efficiency (Figure 5). The poorer feed conversion efficiency of 
the tilapia as compared to typical values of 0.92-1.56 (Allison et al. 
1976) was due to the impaired health of the fish and to the fact that 
it was necessary to initially stock large fish (120-199 g). These 
tilapia had reached a plateau in the growth curve (100-120 g) where 
growth per unit of food begins to decrease and thus food conversion 
efficiency becomes greater (Bowman 1977). 
Graphic analysis revealed an inverse correlation between channel 
catfish production and the number of channel catfish per cage 
(P = 0.539) (Figure 6). Again, marginal water quality conditions, low 
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dissolved oxygen concentrations, high temperatures and possibly, 
density dependent toxic waste products were likely responsible for this 
relationship. In other studies (Schmittou 1970; Kilambi et al. 1977; 
and Pennington and Strawn 1978) net production continued to increase 
to a stocking density of 900 channel catfish per m3, although individ-
ual production of the channel catfish did decline. 
There was no significant correlation between number of tilapia 
per cage and production per channel catfish and none between number of 
tilapia per cage and production per tilapia. Poor water quality and 
poor health of the tilapia probably masked any possible effects of 
the experimental stocking ratios. 
Dissolved oxygen concentration was not significantly correlated 
with total net production. However, dissolved oxygen limitations con-
tributed to the lack of acceptable growth of the channel catfish. 
Stickney (1979) and Andrews et al. (1973) have stated that growth is 
reduced when dissolved oxygen drops below saturation (approximately 
7.5 mg/1) and growth is significantly reduced at values below 5 mg/1. 
After July 28 dissolved oxygen also declined to levels that have been 
reported to significantly reduce growth. Therefore low dissolved oxy-
gen may have had the greatest impact on growth from the beginning of 
August (Figure 9) until harvest. 
The late summer dissolved oxygen decline was precipitated by 
several factors: (1) decaying aquatic vegetation which increased Bio-
logical Oxygen Demand; (2) accumulated waste products that resulted in 
a possibly large Chemical Oxygen Demand; and, (3) intermittemt cloudy 
weather that began in August. The clouds blocked the sun and reduced 
phytoplankton and macrophytic photosynthesis, reducing oxygen 
production (Odum 1971). 
These three factors that reduced oxygen levels were to a small 
degree offset by: (1) declining water temperatures that increase the 
saturation level of oxygen; (2) reduced densities of aquatic macro-
phytes, allowing more water circulation; and, (3) increasing winds 
which aid the mixing of water and the diffusion of oxygen into the 
water from the air. However, these factors were not sufficient to 
counterbalance the decrease in dissolved oxygen concentration. 
Wilson and Hilton (1981) indicate that for optimum growth of 
channel catfish, tilapia should comprise no more than 25 percent of a 
channel catfish-tilapia polyculture. Although this conclusion was 
not strongly indicated by our data, small stocking ratios of tilapia 
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to channel catfish may in fact be desirable for cage polyculture for 
the following reasons: First, due to aggressive behavior (Wilson and 
Hilton; Dunseth and Smitherman 1977), large numbers of tilapia in-
crease the possibility of deleterious competitive interactions with 
channel catfish whereas smaller numbers of aggressively feeding tilapia 
may stimulate channel catfish to feed more vigorously and thus increase 
production. Second, the channel catfish has proven wide consumer 
acceptance and marketability whereas the tilapia is not well known to 
the general public. Therefore financial risk may be reduced by using 
the channel catfish as the major constituent of the polyculture. 
CHAPTER II 
POLYCULTURE OF THREE SELECTED RATIOS 
OF CHANNEL CATFISH AND TILAPIA 
AUREA IN SMALL PONDS 
Introduction 
The small properly managed farm pond has the potential for 
producing large quantities of high quality fish protein. However, in 
Oklahoma most of these ponds cannot be efficiently drained or seined 
(Toetz 1978) and thus traditional methods of open water fish culture 
are not possible. Cage culture appears to be one method of overcoming 
these limitations for pond owners to produce fish for home consumption 
or as a supplemental cash crop. 
Most cage culture has been conducted with channel catfish (Ict-
alurus punctatus), or blue tilapia (Tilapia ~) (Schmittou 1970; 
Lovell 1972; Kilambi et al. 1977; Collins 1978; Pennington and Strawn 
1978; Newton 1980) and little research has been directed toward poten-
tial polyculture of the two species. It is toward this evaluation 
that this study is directed. 
Bardach et al. (1972) state that where tilapia were added to exist-
ing fish culture systems, total production increased with no reduction 
in production in the non-tilapia elements. Their conclusion seems to 
be true also for catfish grown in polyculture with tilapia. Perry and 
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Avault (1972) obtained greater total production from ponds stocked only 
with free swimming channel catfish. Clady (1981) found that I_. aurea 
seemed to stimulate production of pen raised channel catfish, and 
Maughan et al. (1981) observed a similar effect in cages. One explan-
ation is that tilapia consume waste feeds (Williamson and Smj_therman 
1975), and their natural planktivorous feeding habits contribute addi-
tional production (Armbrester 1972). These studies point to the poss-
ibility that polyculture of caged channel catfish-I_. aurea may offer 
the small pond owner a method of increasing production. 
The primary objectives of this experiment were to: (1) determine 
if polyculture in small shallow ponds could produce marketable-sized 
channel catfish from small (23 g) fingerlings in one comparatively 
short growing season; (2) ascertain whether small numbers of I_. aurea 
could increase net production in caged channel catfish; and, (3) docu-
ment any differences in mean weight of.channel catfish and the percent 
harvestable fish produced in polyculture versus monoculture. 
Methods and Materials 
The experiment was conducted at the Oklahoma State University 
experimental pond facility located 12 km west of Stillwater, Oklahoma, 
and at a private pond located 12 km southwest of Stillwater. The 1-m3 
cages were suspended from docks in approximately 2 m of water in the 
0.4-ha experimental ponds and anchored in 4 m of water in the private 
4-ha pond. 
Average weight at stocking was approximately 23 g for channel 
catfish and 45 g for I_. aurea. The fish were stocked between May 14 
and May 22 when water temperature was 20 C. Feeding began May 23 and 
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ended October 5. The fish were fed a 32 percent protein, nutritionally 
complete, floating, pelleted feed. They were generally fed daily all 
that they could consume in a 20-30 minute period. Weekly mid-morning 
dissolved oxygen and water temperature measurements were taken at the 
surface, middle, and bottom of each cage, and a mean value was calculat-
ed. At harvest, a random sample of 50 channel catfish and all T. aurea 
from each cage were individually weighed and measured, and the remain-
ing channel catfish were batch weighed. 
A separate study was carried out in a 0.4-ha stock pond to deter-
mine if possible differences in mean weight of channel catfish among 
the three treatments could be caused by density of channel catfish. 
In this study three cages were stocked at densities of 350, 400 and 
450 channel catfish, respectively. The fish were then treated the 
same as the fish in the polyculture experiment. 
Results 
Channel catfish consistently exhibited superior individual weight 
gains in the treatment containing 50 T. aurea and 350 channel catfish 
(P = 0.0971). Channel catfish in cages containing 0 !· aurea had a 
mean weight of 300.7 g, those in cages with 10 !· aurea had a mean 
weight of 313.1 g and those in cages with 50 T. aurea had a mean weight 
353.6 g (Table 8). Mean weights for!· aurea in the cages where 10 and 
50 tilapia were stocked were not significantly different, averaging 
307.1 and 308.0 g respectively (Table 9). 
Percent harvestable channel catfish (340 g or greater) ranged 
from a low of 35 percent (140 fish) in those cages stocked with no 
tilapia, 39 percent (152 fish) in cages stocked with 10 tilapia and 
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Table 8. Production per cage of three densities of tilapia-channel 
catfish grown in polyculture. 
400 Catfish 390 Catfish 350 Catfish 
Parameter O Tilapia 10 Tilapia 50 Tilapia 
Mean wt/catfish ( g) 300.7 313. 1 353.6 
Total net prod. (kg) 112.3 112.5 122.6 
Net prod. of catfish (kg) 112.3 110. 1 110.3 
Total % harvestable fish 35.0 39.8 53.4 
% harvestable catfish 35.0 39.0 49.5 
K factor catfish 1.22 1. 17 1.20 
Coefficient of variation 0.43 0.38 0.38 
Conversion efficiency 1.81 1.88 1 .83 
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Table 9. Production per cage of tilapia at three densities of 
tilapia-channel catfish grown in polyculture. 
350 Catfish 350 Catfish 
Parameter 10 Tilapia 50 Tilapia 
Mean weight/tilapia ( g) 307. 1 308.0 
Net production of tilapia (kg) 2.40 12.26 
% harvestable tilapia 75.4 81. 9 
K factor tilapia 2.36 2.40 
Coefficient of variation .28 .29 
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reached a maximwn of 50 percent (175 fish) in those cages stocked 
with 50 tilapia. Percent harvestable channel catfish in these treat-
ments were significantly different at the P = 0.1031 level. Percent 
harvestable T. aurea (227 g or greater) was 76 percent in cages stocked 
with 10 T. aurea and 82 percent for those stocked with 50 T. aurea. 
These treatments were not significantly different in the percent har-
vestable tilapia. The total mean percent harvestable fish including 
both species was 35 percent (140 fish) for cages containing no tilaipa, 
40 percent (159 fish) for those containing 10 tilapia and 53 percent 
(214 fish) for cages containing 50 tilapia. These treatments were sig-
nificantly different at the P = 0.019 level in the amount of harvest-
able fish. 
Total net production and mean net production of catfish per cage 
were not significantly different among treatments. However, mean 
total net production per cage did differ slightly. Cages containing 
no tilapia produced 112.32 kg of fish flesh, those containing 10 til-
apia produced 112.50 kg of fish flesh and those containing 50 tilapia 
produced 122.57 kg of fish flesh (Table 8). There were no significant 
differences among treatments for either species in feed conversion 
efficiencies, coefficients of variation for mean weights of fish 
(CV= SD/X), or K factor. There was no evidence that differential 
density of channel catfish at the densities tested had any effect 
upon the growth characteristics of individual fish (mean weights per 
fish were 144.3 g at a density of 350 channel catfish per m3, 152.0 g 
at a density of 400 channel catfish per m3, and 148.6 g at a density 
of 450 channel catfish per m3 from a pond used to test this range of 
densities). In addition, there was no consistent relationship between 
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the water chemistry of the ponds and individual growth characteristics 
of either species. Mean dissolved oxygen concentrations in the exper-
imental ponds ranged from 4.63 mg/1 to 5.88 mg/1; in the larger pond 
it was 6.85 mg/1, and in the channel catfish density pond it was 3.56 
mg/1. 
Discussion 
This experiment indicates that increases in mean weight of channel 
catfish of approximately 53 g and a corresponding 18.4 percent increase 
in the number of harvestable fish can result from the introduction of 
small numbers of T. aurea into cages containing channel catfish. The 
cages containing 50 T. aurea and 350 channel catfish also showed in-
creased net production by approximately 10 kg per cage over the cages 
containing 400 channel catfish but increased production was accompanied 
by increased feed consumption of 9.6 percent. These production in-
creases are especially meaningful to the small-scale aquaculturist con-
tending with comparatively short growing seasons or the necessity of 
using bodies of water of marginal quality. 
Although competition between channel catfish and tilapia has been 
reported by Dunseth and Smitherman (1977), no evidence of competition 
was found in this study. The mean weight coefficient of variation per 
channel catfish was not significantly different among treatments or 
between stocked and harvested fish (.38-.43) and weight frequency 
distributions were approximately normal. These values were also sim-
ilar to those reported as typical (.30-.40) by Konikoff and Lewis 
(1974), and suggest that.'.!:.· aurea did not affect weight frequency dis-
tribution of the channel catfish. This consideration is important 
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because even though mean weights of channel catfish growth with.!_. aurea 
were greater than those grown without tilapia, a bimodal or skewed 
weight frequency distribution or large coefficient of variation could 
have indicated adverse interactions. 
Feed conversion efficiencies among treatments ranged from 1.81 in 
cages with no.!_.~_§._ to 1.88 in cages with 10 T. aurea. This lack 
of significant differences in feed conversion efficiencies again indi-
cates that the tilapia had little effect on the conversion efficiencies 
of the channel catfish. Lack of negative interactions is even further 
evidenced by the absence of significant differences between the K fac-
tors of channel catfish cultures along and those of catfish cultured 
with tilapia. 
The increased production occurring in the cages containing 50 
tilapia may be the result of a response of the channel catfish to the 
aggressive feeding pattern of T. aurea. In addition, since tilapia 
normally feed over a wider range of temperature and dissolved oxygen 
conditions than channel catfish, this stimulus may initiate channel 
catfish feeding even during sub-optimal conditions. Thus, the aggres-
sive feeding of.!_. aurea may stimulate channel catfish to feed more 
vigorously during optimal and especially during sub-optimal tempera-
ture and dissolved oxygen conditions, which may result in increased 
production in the polyculture cages. 
CHAPTER III 
PARTIAL BUDGET ANALYSIS OF CHANNEL 
CATFISH-TILAPIA CAGE CULTURE 
IN SMALL PONDS 
The economics of small-scale fish culture may be viewed from 
three different perspectives: (1) raising fish and selling them to 
a processor at a live weight wholesale price; (2) selling the fish to 
the consumer from the pond bank at a retail price; or (3) using fish 
for home consumption. 
Table 10 represents a partial budget based on total production 
from four, 1-m3 cages containing 350 channel catfish and 50 tilapia 
in a 0.4-ha pond. This budget was prepared from the viewpoint of 
selling to a processor at current (March 1982) prices. The budget is 
partial in that it assumes the pond has been previously constructed 
and has no maintenance cost; in addition, the budget does not include 
transport, marketing costs, or interest rates. A feed conversion 
efficiency of 1.80 was assumed as was 5 percent mortality of fish. A 
provision is made in the budget to demonstrate total return from the 
cages and the return based on 53 percent harvestable fish (340 g or 
greater) in the first growing season. This value is derived from data 
obtained in 1981 on percent harvestability of channel catfish grown in 
cages in small ponds. The minimum acceptable weight of most fish 
processors is 340 g or greater. Fish that do not attain the mimimum 
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Table 10. Partial wholesale budget based on total production of four 
1-m3 cages containing 350 channel catfish-50 tilapia in a 0.4-ha pond.* 
Production: 
125kg/cage x 4 cages = 500kg - 5 % mortality = 475kg 
475kg@ $2.09/kg = a return of 
Fluctuating production expenses: 
channel catfish fingerlings 1400@ $0.15/fish 
tilapia fingerlings 200@ $0.15/fish 
fish feed approximately 1000kg @ $0.42/kg 
Annual fixed costs: 
cages (4) @ approximately $45.00/cage amortized 
over 5 years. 
cage maintenance (wire, styrofoam) misc. equipment 
Total production costs: 
Gross Returns to labor and management: 
Labor: 
fingerling transport 8 hrs. @ $3.00/hour. 
stocking fingerlings 8 hrs. @ $3.00/hour. 
feeding 136 days @ 0.5 hours/day @ $3.00/hour. 
harvesting fish 8 hours @ $3.00/hour. 
Return to labor: 
Return to management: 
Assumptions: 
All fish are marketable. 
Conversion efficiency is 1.80. 















*This budget can only be used as a generalization of actual dollar 
amounts due to fluctuating market, feed, fingerling, and equip-
men t prices. 
weight the first year may be held over and sold the following June or 
July, a period when premium prices may be obtained for harvestable 
channel catfish. 
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The greatest expense in cage culture is feed cost. A nutrition-
ally complete ration (Robinette 1977) purchased at a current price of 
$0.42 per kg costs $420.00 per 1000 kg. Fingerlings are the second 
largest investment at a total price of $240.00 The four cages cost 
approximately $45.00 each (for a complete description of cage construc-
tion and expense see appendix D). Amortized over the minimum life 
expectancy of a cage of 5 years, the annual cost is $36.00. The main-
tenance and miscellaneous equipment category includes the cost of a 
small boat depreciated over its 20 year life span and costs of dip net, 
rope and cage repair material. Labor costs can only be approximations 
because every individual situation is different. The time involved in 
the various labors reflect my own experience. The wholesale price of 
$2.09 per kg live weight paid to the producer is an average obtained by 
calling several state processors and asking for current price quotes. 
These prices ranged from $1.87/kg to $2.42/kg. Fish production of 
125 kg/cage is an average based on data collected in 1981. Total har-
vested weight per cage ranged from 104.397 kg to 140.516 kg. It can 
easily be seen from this budget that cage culture in one 0.4-ha, 100 
percent harvested pond is not highly profitable to management; the re-
turn is $0.75 on an investment of $716.00. This minimal profit becomes 
a loss when the more realistic value of 53 percent harvestability is 
used. From this vantage point management and labor lose $189.32 on 
the investment and management alone loses $465.32 if labor costs are 
paid. Although it should be remembered that better production is 
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possible, obviously a different approach must be taken (Table 11). 
One method might be retail sales from the pond bank (Table 12). 
The present retail price of fish sold on the pond bank is $3.30/kg 
live weight (quoted from a regional Oklahoma channel catfish producer). 
An additional $0.55/kg can be charged for dressing the fish. These 
factors lead to a total retail sale price of $3.85/kg of fish. Costs 
of production remain the same as for the previous case except for 
labor. To offset labor differences an additional 40 hours labor at 
$3.00/hr. for a total of $120.00 has been added for time spent dealing 
with customers. Another 30 hours at $3.00/hr. for a total of $90.00 
has been added for processing the fish. This marketing method in-
creases the labor costs by $210.00. However, the retail selling price 
more than covers the labor charges and allows a return to management 
of $455.50 to $626.75 on total fish production. Assuming 53 percent 
harvestable fish, as before, returns are considerably reduced (Table 
13). In this situation cost of labor is lowered somewhat, but man-
agement loses $265.40 by selling retail from the pond or $126.80 by 
selling retail dressed live weight from the pond. Profits may be 
recouped the following summer when the remaining small fish reach 
harvestable weight. However, this dual-year marketing approach re-
quires that the initial capital be invested for approximately 15 
months as compared with 7 or 8 months for an annual marketing program. 
A third method of estimating the economic value of small-scale 
caged fish culture is to compare it with that of the family garden. 
In this situation the fish are grown primarily for home consumption. 
Disregarding the producer's labor, the fish can be grown for $1.50/kg; 
a savings of $2.35/kg over the already quoted pond bank dress out 
Table 11. Partial wholesale budget based on 53 percent of total fish 
production harvestable from four, 1-m3 cages containing 350 channel 
catfish-50 tilapia in a 0.4-ha pond.* 
Production: 
63kg/cage x 4 cages = 252kg@ $2.09/kg = 
Fluctuating production expenses: 
channel catfish fingerlings 1400@ $0.15/fish 
tilapia fingerlings 200@ $0.15/fish 
fish feed approximately 1000kg @ $0.42/kg 
Annual fixed costs: 
cages (4) @ approximately $45.00/cage amortized 
over 5 years. 
cage maintenance (wire, styrofoam) misc. equipment 
Total production costs: 
Gross returns to labor and management: 
Labor: 
fingerling transport 8 hrs. @ $3.00/hour. 
stocking fingerlings 8 hrs. @ $3.00/hour. 
feeding 136 days @ 0.5 hours/day @ $3.00/hour. 
harvesting fish 8 hours @ $3.00/hour. 
Return to labor: 
Return to management: 
Assumptions: 
Conversion efficiency is 1.80. 















*This budget can only be used as a generalization of actual dollar 




Table 12. Partial retail budget based on total production of four 1-m3 
cages containing 350 channel catfish-50 tilapia in a 0.4-ha pond.* 
Production: 
125kg/cage x 4 cages = 500kg - 5% mortality = 475kg 
475 kg @ $J.30/kg live weight = a return of 
or 475kg@ $3.85/kg dressed = a return of 
Fluctuating production expenses: 
channel catfish fingerlings 1400 @ $0.15/fish 
tilapia fingerlings 200@ $0.15/fish 
fish feed approximately 1000kg@ $0.42/kg 
Annual fixed costs: 
cages (4) @ approximately $45.00/cage amortized 
over 5 years. 
cage maintenance (wire, styrofoam) misc. 
equipment. 
Total production costs: 
Gross returns to labor and management: 
Labor: 
fingerling transport 8 hours @ $3.00/hour. 
stocking fingerlings 8 hours @ $3.00/hour. 
feeding 136 days @ 0.5 hour/day @ $3.00/hour 
harvesting fish 8 hours @ $3.00/hour. 
selling fish to consumers 40 hours @ $3.00/hour 
dressing fish 30 hours @ $3.00/hour. 
Return to labor: 
Return to management: 
Assumptions: 
Conversion efficiency is 1.80. 
All fish are marketable. 
live wt. dressed 
$1567.50 
$1828.75 
$ 210.00 $ 210.00 
$ 30.00 $ 30.00 
$ 420.00 $ 420.00 
$ 36.00 $ 36.00 
$ 20.00 $ 20.00 
$ 716.00 $ 716.00 
$ 851 . 50 $1112.75 
$ 24.00 $ 24. 00 
$ 24.00 $ 24.00 
$ 204.00 $ 204.00 
$ 24.00 $ 24.00 
$ 120.00 $ 120.00 
x $ 90.00 
$ 396.00 $ 486. 00 
$ 455.50 $ 626.75 
*This budget can only be used as a generalization of actual dollar 
amounts due to fluctuating market, feed, fingerling, and equipment 
prices. 
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Table 13. Partial retail budget based on 53 percent of total fish 
production ha!'vestable from four, 1-m3 cages containing 350 channel 
catfish-50 tilapia in a 0.4-ha pond.* 
Production: 
63kg/cage x 4 cages = 252kg @ $3.30/kg 
live weight or $3.85/kg dressed 
Fluctuating production expenses: 
channel catfish fingerlings 1400@ $0.15/fish 
tilapia fingerlings 200@ $0.15/fish 
fish feed approximately 1000kg @ $0.42/kg 
Annual fixed costs: 
cages (4) @ approximately $45.00/cage amortized 
over 5 years. 
cage maintenance (wire, styrofoam) misc. 
equipment. 
Total production costs: 
Gross returns to labor and management: 
Labor: 
fingerling transport 8 hours @ $3.00/hour. 
stocking fingerlings 8 hours @ $3.00/hour 
feeding 136 days @ 0.5 hour/day@ $3.00/hour. 
harvesting fish 8 hours @ $3.00/hour. 
selling fish to consumers 40 hours @ $3.00/hr. 
dressing fish 30 hours @ $3.00/hour. 
Return to labor: 
Return to management: 
Assumptions: 



































*This budget can only be used as a generalization of actual dollar 
amounts due to fluctuating market, feed, fingerling, and equip-
ment prices. 
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price of $3.85/kg. This cost can result in an even greater savings 
when compared with some supermarket prices. Using this method of fish 
production a family with a small pond can produce 125 kg of fish over 
the summer with an initial investment of $222.50. Part of this invest-
ment can be amortized over the life span of the material. 
Many commercial growers and research scientists believe that if 
small-scale cage culture cannot produce a profit to management after 
labor and expenses are paid, then it is not a productive enterprise. 
This assumption has been questioned by millions of people who plant 
annual vegetable gardens. These gardens are not economically profit-
able but bring satisfaction to the gardener in having produced his/her 
own food and in knowing that the vegetables have not been adulterated 
with various chemicals, pesticides and preservatives. It is in this 
area that small-scale cage culture may have the greatest potential and 
ultimately the most success. 
LITERATURE CITED 
Andrews, J. W., L. H. Knight, J. W. Page, Y. Matsuda, and E. E. Brown. 
1971. Interactions of stocking density and water turnover on 
growth and food conversion of channel catfish reared in intens-
ively stocked tanks. Prog. Fish-Cult. 33(4)197-203. 
Andrews, J. W., and Y. Matsuda. 1975. The influence of various cul-
ture conditions on the oxygen consumption of channel catfish. 
Trans. Am. Fish. Soc. 104(2):322-327. 
Andrews, J. W., T. Murai, and G. Gibbons. 1973. The influence of 
dissolved oxygen on the growth of channel catfish. Trans. Am. 
Fish. Soc 102(4):835-837. 
Andrews, J. W., and R. S. Stickney. 1972. Interactions of feeding 
rate and environmental temperature on growth, food conversion, 
and body composition of channel catfish. Trans. Am. Fish. Soc. 
101(1):94-99. 
Allen, K. 0., and K. Strawn. 1968. Heat tolerance of channel catfish 
(Ictalurus punctatus). st Proc. 21~ Ann. Conf. South. East. Assoc. 
of Game and Fish Comm. 21:399-410. 
Allison, R., R. O. Smitherman, and J. Cabrero. 1976. Effects of high 
density culture on reproduction and yield of Tilapia aurea. FAO 
tech. conf. on aquaculture. Kyoto, Japan. 26 May-2 June. FIR:AQ 
{Conf/7~7 E. 47. 3 pp. 
Armbrester, W., Jr. 1972. The growth of caged Tilapia aurea (Stein-
dachner) in fertile farm ponds. Proc. Ann. Conf. Southeast. 
60 
61 
Assoc. Game Fish Comm. 25:446-451. 
Bardach, J.E., J. H. Ryther, and W. 0. McLarney. 1972. Aquaculture. 
Wiley Interscience, New York. 365 pp. 
Bennett, G. W. 1971. Management of lakes and ponds. Van Nostrand-
Reinbold Co., New York. 375 pp. 
Boyd, C. E. 1979. Water quality in warmwater fish ponds. Craftmaster 
Printers, Inc., Opelika, Alabama. 359 pp. 
Bowman, D. B. 1977. A comparison of Tilapia mossambica (Peters) 
and Tilapia aurea (Steindachner) as pond fishes in El Salvador, 
Central America. Unpublished M.S. Thesis, Oklahoma State. 
Carlson, A. R., R. Siefert, E. Richard, and L. J. Herman. 1974. 
Effects of lowered dissolved oxygen concentrations on channel cat-
fish (Ictalurus punctatus) embryos and larvae. Trans. Am. Fish 
Soc. 103(3):623-626. 
Clady, M. D. 1981. Cool-water growth of channel catfish held in pens 
alone and with other species. Prog. Fish Cult. Vol. 43(2) :92-95. 
Collins, C. M. 1978. Catfish cage culture. Publ. 13, Kerr Foundation, 
Inc., Poteau, Oklahoma. 22 pp. 
Collins, R. A. 1971. Cage culture of catfish in reservoir lakes. 
Proc. Southeast. Assoc. of Game and Fish Comm. 24:489-496. 
Dunseth, D., and N. Smitherman. 1977. Pond culture of catfish, til-
apia and silver carp. Highlights of Agricultural Research, Vol. 
24, No. 3 Publ., Ag Experiment Station, Auburn, University, 
Auburn, Alabama. 
Gleastine, B. W. 1974. A study of the cichlid Tilapia aurea (Stein-
dachner) in a thermally modifiC?ct Texas reservoir. M.S. thesis, 
Texas A and M University, College Station, Texas. 258 pp. 
Jensen, J. 1981a. Channel catfish production in ponds. Circular 
ANR-195, Alabama Coop. Extension Service, Auburn University, 
Auburn, Alabama. 14 pp. 
Jensen, J. 1981b. Home-grown fish from cages. Alabama Coop. Exten-
sion Service, Auburn University, Circular ANR-269. 
Kilambi, R. V., J. C. Adams, A. V. Brown, and W. A. Wickizer. 1977. 
62 
Effects of stocking density and cage size on growth, feed conver-
sion, and production of rainbow trout and channel catfish. Prog. 
Fish-Cult. 39:2):62-66. 
Konikoff, M., and W. M. Lewis, 1974. Variation in weight of cage 
reared channel catfish. Prog. Fish-Cult. 36(3):138-144. 
Lovell, R. T. 1972. Protein requirements of cage-cultured channel 
catfish. Proc. Ann. Conf. Southeast. Assoc. Game Fish Comm. 
26:352-361. 
Lovell, R. T. 1977. Feeding practices. Nutrition and feeding of 
channel catfish. R. R. Stickney and R. T. Lovell Ed. Southern 
Coop. Series. Bull. 218. Nutrition Subcommittee of Regional Res. 
Proj. S-83. 67 pp. 
Maughan, 0. E., G. E. Gebhart, D. P. Schwartz, and K. Williams. 1981. 
Feasibility of caged fish culture in north central Oklahoma farm 
ponds. 1980 Annual Report, Coop. Res., Langston University. 31 
pp. 
Modde, T. 1980. State stocking policies for small warmwater impound-
ments. Fisheries 5(5):13-17. 
Neff, G. N., and P. C. Barrett. 1975. Profitable cage culture. Inqua 
Corp. 18460 S. W. 295 Terrace, Homestead, Florida. 33030. 28 pp. 
Newton, S. H. 1980. Review of cage culture activity indicates 
continuing interest. Aquaculture (U.S.) 7(1):32-36. 
Odum, E. P. 1971. Fundamentals of Ecology. y!:d Ed. W. B. Saunders 
Co. Philadelphia. 574 pp. 
Pagon-Font, F. A. 1975. Cage culture as a mechanical method for 
controlling reproduction of Tilapia aurea (Steindachner). Aqua-
culture (Neth.) 6:243-247. 
63 
Pennington, C.H., and K. Strawn. 1978. Stocking density: its effect 
on caged channel catfish production. Proc. Ann. Conf. southeast. 
Assoc. Fish Wildlife Agencies 31:514-518. 
Perry, W. G., Jr., and J. W. Avault, Jr. 1972. Comparisons of striped 
mullet and tilapia for added production in caged catfish studies. 
Prog. Fish-Cult. 34(4):229-232. 
Randolph, K. N., and H. P. Clemens. 1976. Some factors influencing 
the feeding behavior of channel catfish in culture ponds. Trans. 
Am. Fish Soc. 105(6):718-724. 
Randolph, K. N., and H. P. Clemens. 1978. Effects of short term food 
deprivation on channel catfish and implications for culture prac-
tices. Prog. Fish-Cult. 40(2):48-50. 
Robinette, H. R. 1976. Effects of sublethal levels of ammonia on the 
growth of channel catfish (Ictalurus punctatus). Prag. Fish-Cult. 
38(1):26-29. 
Robinette, H. R. 1977. Diet formulations. Nutrition and feeding of 
channel catfish. R. R. Stickney and R. T. Lovell Ed. Southern 
Coop. Series. Bull. 218. Nutrition Subcommittee of Regional Res. 
Proj. S-83. 67 pp. 
Rottman, R. 1977. Management of weedy lakes and ponds with grass 
carp. Fisheries. 2(5):8-14. 
Schmittou, H. R. 1970. The culture of channel catfish, Ictalurus 
punctatus (Rafinesque), in cages suspended in ponds. Proc. Ann. 
Conf. Southeast. Game and Fish Comm. 23:226-244. 
Snow, J. R. 1975. Fish production in a central Alabama stock water 
pond. Proc. Ann. Conf. Southeast. Game and Fish Comm. 28:217-
221. 
64 
Shrable, J.B., 0. W. Tierneier, and C. W. Deyoe. 1969. Effects of 
temperature on rate of digestion by channel catfish. Prog. Fish. 
Cult. 31 ( 3) : 131 - 138. 
Stickney, R.R., and J. H. Hesby. 1978. Tilapia production in ponds 
receiving swine wastes. Symposium on the culture of exotic fish-
es. Fish culture sec. Arn. Fish. Soc. pp. 90-101. 
Stickney, R. R. 1979. Principles of warrnwater aquaculture. John 
Wiley and Sons, New York. 373 pp. 
Tiemeier, 0. W., and C. W. Deyoe. 1980. Channel catfish produced in 
Kansas ponds for profit and pleasure. Bull. 635, Kansas Agr. 
Exp. Sta., Kansas State University, Manhattan, Kansas. 36 pp. 
Toetz, D. W. 1978. Use of sky ponds to rear catfish for sport and 
home consumption. Proc. Oklahoma Acad. Sci. Unpublished. 
Williamson, G., and R. O. Smitherman. 1975. Channel catfish in poly-
culture. Proc. Ann. Conf. Southeast. Assoc. Game Fish Comm. 29: 
86-91. 
Wilson, J. H., and L. R. Hilton. 1981. Catfish and tilapia: effects 









The most important factor limiting growth of cage reared channel 
catfish in small ponds is dissolved oxygen (Newton 1980). Dissolved 
oxygen in these ponds often drops to lethal concentrations or at least 
fluctuates below the 4-5 mg/1 necessary for optimum growth (Jensen 
1981a; Tiemeier and Deyoe 1980) and feed conversion efficiency (Jensen 
1981a). Andrews et al. (1973) and Carlson et al. (1974) indicate that 
at complete oxygen saturation channel catfish consume 3.3 percent body 
weight of feed, whereas at 60 percent saturation and 36 percent satura-
tion they consume 2.9 percent and 2.1 percent body weight of feed res-
pectively. In their studies lower percent oxygen saturations were cor-
related with significantly smaller (P.::.0.01) weight gains per fish. 
Dissolved oxygen readings for the three experimental ponds in 1981 
remained above 5 mg/1 until July 22 (Figure 11). At this point the 
dissolved oxygen concentration in pond 2 dropped to 1.5 mg/1. When 
measured on September 23, oxygen values in this pond again exceeded 5 
mg/1. The low oxygen period in pond 2 covers 64 days or 46.7 percent 
of the growing season. Dissolved oxygen levels in ponds 1 and 3 were 
near or above 5 mg/1 throughout the summer except for August 12 when 
dissolved oxygen concentration in pond 1 dropped to 3.9 mg/1 and oxy-
gen in pond 3 dropped to 3.1 mg/1. 
As would be expected, percent saturation of oxygen (Figure 12) 
in the water followed the same pattern as dissolved oxygen concentra-
tion; 95-111 percent saturation occurred in early June (June 3) and 
29-45 percent saturation in mid-August (August 12). Pond 2 was below 
50 percent saturation from July 29 to September 30 except on September 
Figure 11. 1981 weekly mean dissolved oxygen values for ponds 
1, 2, and 3 (value derived from a mean of surface, middle of 
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Figure 12. 1981 weekly mean percent oxygen saturation values 
for ponds 1, 2, and 3. (Mean derived from an average of surface, 
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9 and September 23 when saturations were 53 percent and 62 percent 
respectively. Saturation in ponds 1 and 3 remained above 50 percent 
except on August 12 when it dropped to 45 percent and 35 percent res-
pectively. 
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Dissolved oxygen levels in the private pond (Figure 13) were con-
sistently high. Generally dissolved oxygen concentration was above 6 
mg/1 with a mean of 6.9 mg/1 and a standard deviation of 1.6 mg/1. In 
contrast, the pond in which the channel catfish density experiments 
were run (Figure 14) had oxygen levels which ranged from 5.5-1.5 mg/1. 
The mean of the values was 3.6 mg/1 with a standard deviation of 1.1 
mg/1 (Table 14). 
Although mean dissolved oxygen values in the experimental ponds 
ranged from 4.6 mg/1 to 5.9 mg/1 over the growing season, the values 
were often below the 5 mg/1 cited for optimum growth and feed conver-
sion efficiencies (Table 15). These marginal dissolved oxygen values 
have resulted in channel catfish weights averaging approximately 50 g-
75 g less than would be expected (Collins 1978) under more favorable 
conditions. Conversion efficiencies were also somewhat higher (18.4) 
than those obtained by Collins (1978), (1.41-1.76), under more optimal 
conditions. 
Mean dissolved oxygen in the private pond was higher, 6.9 mg/1, 
than in any of the other ponds used. This pond also contained the cage 
with the greatest mean weight of individual channel catfish, 348 g. 
However, conversion efficiencies in this pond were poor (2.01) because 
fish were overfed and feed was lost from the cage by wind and wave 
action. 
The pond in which channel catfish stocked at various densities 
Figure 13. 1981 biweekly mean dissolved oxygen concentrations 
for pond 4. (Mean derived from an average of surface, mid-cage, 
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Figure 14. 1981 mean weekly dissolved oxygen values for the channel 
catfish density pond. (Means were derived from an average of sur-





































Table 14. 1981 mean dissolved oxygen values in ponds used in the poly-
culture of channel catfish and tilapia and in the channel catfish 
density experiment. 
(mg/ 1) 
Mean (mg/ 1) (mg/1) 
Pond Dissolved oxygen Std. deviation Range 
5.8 1.04 3.9-7.7 
2 4.6 1.95 1. 6-8. 6 
3 5.9 1. 36 3. 1-8 .8 
4 6.9 1. 63 3.8-8.6 
Catfish 
density pond 3.6 1 • 11 1. 5-5. 5 
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Table 15. 1981 mean monthly dissolved oxygen values in ponds used in 
the polyculture of channel catfish and tilapia and in the channel 
catfish density experiment. 
mean (mg/ 1 ) 
Pond month dissolved oxygen (mg/ 1) Range 
(mg/1) Std. deviation 
June 6.9 0.78 6.1-7.7 
July 5.4 0.70 4.9-6.3 
August 5.5 1.24 3.9-6.7 
September 5.6 0.95 4.6-7.1 
2 June 7.2 1.04 6.1-8.6 
2 July 5.0 1.44 3.1-6.8 
2 August 3.2 0.64 2.5-3.1 
2 September 3.4 1.55 1.6-5.4 
3 June 7.4 1. 13 6. 1-8 .8 
3 July 5.9 1. 07 4.9-7.6 
3 August 5.0 1.56 3.1-6.5' 
3 September 5.4 0.71 4.9-6.6 
4 June 6.6 0.71 6.1-7.1 
4 July 7.2 7.2 
4 August 5.2 1.98 3.8-6.6 
4 September 8.5 8.5 
catfish 
density pond June 3.6 0.52 2.9-4.0 
July 4.0 0.46 3.3-4.4 
August 3.2 1. 58 2. 1-5. 5 
September 3.3 1.94 1.5-5.3 
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were studied exhibited the lowest mean dissolved oxygen concentration 
(3.6 mg/1) of any of the ponds studied. This low oxygen level was re-
flected in very poor weight gains (mean final weight of 144.3 g to 
152.0 g per catfish) for fish from this pond. 
Temperature 
Pond temperatures in 1981 varied from 25 C to 30 C during June 
and July. This temperature is optimal for channel catfish feeding and 
is also the temperature.at which highest growth rates and feed conver-
sion efficiencies have been observed (Shrable et al. 1969; Andrews and 
Stickney 1972). However, in August, frequent storm events and the 
passage of cold fronts caused water temperatures to fluctuate sharply 
(Table 16). Rapid changes in August water temperature caused reduced 
fish feeding for a period of one to 10 days. Increase in temperature 
appeared to affect feeding activity less than decreased temperatures. 
This effect on feeding may result from increases in water temperature 
tending to occur over several days while decreases occurred within 
hours. Sudden temperature changes may disturb metabolic processes and 
thus result in a cessation of feeding activity. Randolph and Clemens 
(1976) observed that fish acclimated to increasing temperatures gen-
erally did not feed at temperatures below those of the previous week 
even though the values appeared to be within acceptable limits. 
Although temperature and dissolved oxygen concentrations are 
closely linked, reduced dissolved oxygen concentration was not the 
cause of reduced feeding activity during these temperature fluctuations. 
Further evidence to support this conclusion is given by the fact that 
dissolved oxygen ranged from 3 mg/1 to 7 mg/1 over the August period. 
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Table 16. 1981 mean monthly temperature values in ponds used in the 
polyculture of channel catfish and tilapia and in the channel catfish 
density experiment. 
Mean Std. 
Pond Month temperature c deviation C Range C 
June 26.9 2.41 25.2-29.4 
July 27.5 1 .34 25.5-29.4 
August 23.3 3.28 20.1-27.3 
September 21.5 0.46 21.0-22.0 
2 June 27.0 2.63 24.2-29.8 
2 July 27.5 1. 38 25.7-29.5 
2 August 23.2 3.53 20.0-27.5 
2 September 21. 4 1. 15 20.6-23.4 
3 June 27.5 2.82 24.5-30.2 
3 July 28.2 1.45 26.4-30.3 
3 August 23.3 3.97 19.9-27.6 
3 September 21 .9 1.09 21.0-23.7 
4 June 28.5 1 • 41 27.5-29.5 
4 July 27.4 27.4 
4 August 25.9 1 .84 24.6-27.2 




pond June 26.0 2.57 23.6-28.2 
July 26.4 0.93 25.6-27.7 
August 22.4 3.99 17.3-26.8 
September 19.9 2.46 17. 6-22. 5 
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Dissolved oxygen levels of this range were not observed to affect 
feeding behavior when water temperature was relatively stable (Randolph 
and Clemens 1976). From these observations it seems reasonable that 
the inability of small shallow ponds to buffer the effects of atmos-
pheric variation is a key factor in reduced production potential per 
acre of these ponds as compared with larger, deeper bodies of water. 
APPENDIX B 
CHANNEL CATFISH AND TILAPIA 
PRODUCTION DATA 
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Table 17. Production per cage for channel catfish-tilapia polyculture. 
(kg) (kg) (kg) 
Int. Final Net 
Pond treatment feed wt. of fish wt. of fish prod. 
-
0 161. 050 9. 148 110. 978 101.830 
10 174 .876 9.366 104.397 95.032 
50 189. 125 10.237 117.405 107.168 
2 0 225.300 9. 148 129.462 120.314 
2 10 234.375 9.366 130. 121 120.655 
2 50 232.050 10.237 134.037 123.800 
3 0 199.100 9. 148 129.322 120. 174 
3 10 199.650 9.366 128.287 188.922 
3 50 213.850 10.237 139.272 129.035 
4 0 225.435 9. 148 116.127 106.979 
4 10 237.384 9.366 124.774 115. 409 

















Table 18. Catfish production per cage, channel catfish-tilapia polyculture experiment. 
(kg) (kg) 
Net Int. Final % ( g) % No. of 
Pond trt. wt. of fish wt. of fish prod. surv. x K CV Harv. harv. fish 
0 9. 148 110.978 101 . 83 99 294.5 1 . 341 .50 32 128 
10 8.919 101 . 526 92. 60 97 299.6 1 .223 .36 32 125 
50 8.005 102.802 94.80 98 306. 1 1 . 231 .32 38 133 
2 0 9. 148 129.462 120.37 99 328.5 1 • 122 .38 46 184 
2 10 8.919 127.233 118.31 99 307.6 1 .068 .34 38 148 
2 50 8.005 119.425 111 • 42 100 358.2 1 . 071 .33 52 182 
3 0 9. 148 129.322 120. 17 99 333.0 1 . 144 .35 42 168 
3 10 0.919 124.790 115 .86 99 338.5 1.154 .39 46 179 
3 50 8.005 120.552 112.55 96 366.2 1 . 144 .42 54 189 
4 0 9 .148 116.127 106.98 100 246.9 1. 275 .46 20 80 
4 10 8.919 122.566 113. 64 100 306. 7 1 .250 .39 40 156 
4 50 8.005 130.464 122.46 100 384.0 1. 366 .39 54 189 
CD 
-!:' 
Table 19. Tilapia production data per cage, channel catfish-tilapia polyculture experiment. 
(kg) (kg) 
Int. Final Net % - % No. of 
Pond trt. wt. of fish wt. of fish prod. surv. x K CV Harv. harv. fish 
0 
10 0.446 2.871 2.425 100 287 .1 2.341 .34 50 5 
50 2.232 14.603 12.371 100 296.3 2.528 .26 84 42 
2 0 
2 10 0.446 2.788 2.342 90 309.8 2.338 .26 78 8 
2 50 2.232 14.612 12.380 98 298.2 2.276 .23 88 44 
3 0 
3 10 0.446 3.497 3.051 100 349.7 2.371 .27 100 10 
3 50 2.232 18.720 16. 488 100 374.4 2.388 .25 96 48 
4 0 
4 10 0.446 2.208 1. 762 80 276.0 2.381 .22 75 8 




Table 20. Production of channel catfish grown at various densities. 
stocking density/m3 350 400 450 
harvest number 331 390 431 
percent survival 94.6 97.5 95.8 
amount fed (kg) 71 . 350 84.000 95.350 
initial weight (kg) 8.004 9. 148 10.291 
gross prod. (kg) 47.763 59.284 64.049 
net prod. (kg) 39.759 50. 136 53.758 
average wt./fish ( g) 144.3 152.0 148. 6 
conversion efficiency 1. 79 1 .68 1. 77 
APPENDIX C 
WEIGHT FREQUENCY DISTRIBUTION FOR 
CAGED CHANNEL CATFISH 
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Figure 15. Weight frequency distribution of channel catfish from 
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Figure 16. Weight frequency distribution of channel catfish from 
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Figure 17. Weight frequency distribution of channel catfish from 
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Figure 18. Weight frequency distribution of channel catfish 
(pond 1) from the cage containing 0 tilapia-400 channel 
catfish. 
15 
14~ CV= 50% 
13 x x = 294.5 g 
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121 I 
s = 147.93 g 
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Figure 19. Weight frequency distribution of channel catfish 
(pond 1) from the cage containing 10 tilapia-390 channel 
catfish. 
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Figure 20. Weight frequency distribution of channel catfish 






























- - - - - - -
.. I I 
c:o 
- - - - - - - - -
I I I I I 
II) .... 
lfS!.::I JO "ON 
- -





















Figure 21. Weight frequency distribution of channel catfish 
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Figure 22. Weight frequency distribution of channel catfish 
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Figure 23. Weight frequency distribution of channel catfish 
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Figure 24. Weight frequency distribution of channel catfish 
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Figure 25. Weight frequency distribution of channel catfish 
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Figure 26. Weight frequency distribution of channel catfish 
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Figure 27. Weight frequency distribution of channel catfish 
{pond 4) from the cage containing 0 tilapia-400 channel 
catfish. 
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Figure 28. Weight frequency distribution of channel catfish 
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Figure 29. Weight frequency distribution of channel catfish 
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DIAGRAM OF CAGES USED FOR COMPUTING 
THE PARTIAL BUDGET 
118 
Figure 30. An inexpensive, simply constructed cage suitable 
for fish culture (Jensen 1981b). 
Top of cage attached to 
body of cage with wire __ 
ties in several places. 
Top of cage made of 
13 mm vexar plastic 
net sewn to a 94 cm 
steel hoop. 
120 
Styrofoam floatation, __ 
J to 4 blocks as needed. 
__ Feeding screen of J mm 
vexar mesh, 30 cm wide. 
94 cm dia. circle of 
13 mm vexar sewn into 
the bottom of the cage 
with plastic coated wire. 
COST 
1 J mm vexar, 122 cm x 
__ JJ5 cm sewn to 2 steel 
hoops. 
45. 7 m of plastic coated bell wire .................... $ 4.50 
J, steel hoops .................................. $10.80 
3 mm vexar. 91 cm x 183 cm ....................... $ 2.82 
1Jmmvexar.122cmx427cm ..................... 19.70 
Floatation ..................................... $ 1 .00 
Labor, 2 hr. @ J.00/hr ............................ $ 6.00 
$44.85 
APPENDIX E 
ANALYSIS OF VARIANCE FOR 1981 CHANNEL 
CATFISH-TILAPIA PRODUCTION DATA 
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Table 21. Analysis of variance, dependent variable: weight per 

















p = 0.0971 
p = 0.0010 
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Table 22. Analysis of variance, dependent variable: K factor per 







Fish (Trt. Pond) 587 0.04148 





p = 0.8239 
p = 0.0001 
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Table 23. Analysis of variance, dependent variable: percent 












*MSE = Mean Square Error. 
F 
2.96 
1 • 59 
Prob. F 
P=0.1031 
p = 0.1126 
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Table 24. Analysis of variance, dependent variable: weight per 







Fish (Trt. Pond) 217 6393.092 





p = 0.9857 
p = 0.0001 
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Table 25. Analysis of variance, dependent variable: K factor of 







Fish (Trt. Pond) 217 0.49383 





p = 0.6819 
p = 0.7864 
Table 26. Analysis of variance, dependent variable: percent 









Fish (Trt. Pond) 217 0.13518 





p = 0.7254 
p = 0.0001 
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Table 27. Analysis of variance, dependent variable: Total percent 














p = 0.019 
p = 0. 105 
Table 28. Analysis of variance, dependent variable: weight 


















p = 0.385 
p = 0.821 
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Table 29. Analysis of variance, dependent variable: net production 














p = 0.857 
p = 0.019 
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Table 30. Analysis of variance, dependent variable: total amount of 














p = 0.018 
p = 0.000 
APPENDIX F 





The fish were fed daily, all that could be consumed in a 20-30 
minute period (Neff and Barrett 1975) unless dissolved oxygen concen-
tration dropped below 3 mg/1. At this level channel catfish often 
reduce feeding activity (Randolph and Clemens 1976). It was thought 
that the often used 5-10 minute feeding period (Jensen 1980a) which is 
more appropriate for open pond culture, was not sufficient for maxi-
mum growth in cages, especially in the cooler parts of the season. 
This practice resulted in increased feed consumption without apprec-
iably affecting feed conversio~ efficiencies. Feeding on the basis of 
measured or projected body weight was also rejected as being inflexible 
and inefficient as was periodic sampling of fish which has been demon-
strated to reduce feeding levels for several days after a sample was 
taken (Collins 1971). 
Daily feeding is necessary to insure maximum production except 
when poor water quality exists. In a food deprivation study conducted 
by Randolph and Clemens (1978) it was observed that return to pre-
deprivation feeding levels required about one day for each day missed 
feeding, but two days for each day missed were required to return to 
the previous rate of growth. Consequently, a less than daily feeding 
regime in localities where relatively short growing seasons exist may 
result in an unacceptable number of sub-harvestable sized fish. 
The fish were fed in the late morning hours 0930 to 1030 to allow 
nightly low dissolved oxygen concentrations to increase and to allow 
the fish to digest the food during the afternoon when the dissolved 
oxygen is at the highest levels of the day (Boyd 1979). This was 
134 
necessary because fish consume more oxygen one to eight hours after 
feeding (Lovell 1977) than at other times. Andrews and Matsuda (1975) 
found that 200 g channel catfish consume approximately 0.35 g 02/kg 
body wt./hr. in the fasted state as compared with 0.53 g 02/kg body 
wt./hr. as measured one hour after feeding. They also found that rate 
of oxygen consumption increased with rising temperature. The Q1o's for 
the fasting and well fed curves were 2.3 and 1.9 respectively. The 
010 value is the factor by which oxygen consumption increases if the 
temperature is raised 10 C (Boyd 1979). Therefore these curves are as 
would be expected from van't Hoff's law which states that the change 
of reaction rate (proportional to oxygen consumption) is two to three 
fold for every 10 C change in temperature. Thus afternoon feeding 
would cause a greater oxygen demand to occur in the evening due to 
the ongoing digestive processes of the fish. Shrable et al. (1969) 
state that 32.41 percent of ingested food was found in channel catfish 
stomachs 12 hours after feeding when water temperature was 28 C. 
Therefore under marginal conditions, if fish were fed in the afternoon, 
stress or low oxygen induced mortality would be more likely to result 
than if fish were fed in the morning. It would also seem reasonable 
that uneaten food has a greater chance to oxidize during the height 
of diel dissolved oxygen fluctuation if it is fed in the morning thus 
reducing the potential oxygen demand placed on the pond by decaying 
food at night. 
Some of these factors may appear to be minor; however, at times 
they can mean the difference between dissolved oxygen mortality and 
successful cage culture in small ponds. 
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